A miniature wide-band microwave power divider com prising a common terminal connected to a plurality of parallel signal paths with each signal path comprising a low pass and a high pass filter made up of discrete com ponents. Use of discrete components allows the entire power divider to be incorporated on a single chip. Isola tion is achieved between the signal paths by isolation means comprising resistors.
Sheet 1 of 2 4,851.795 This invention relates, in general, to power dividers and combiners used in microwave systems, and more particularly, to wide-band power dividers and combin ers which can be incorporated on a single miniature integrated circuit (I.C.) chip.
Powder dividers are used to take a signal at a com mon terminal and divide the signal among a series of signal paths while maintaining desired impedances at the common terminal and at all output terminals. The same apparatus can be used as a power combiner by feeding signals to each of the signal paths and combin ing these signals at the common terminal. Thus, as the bandwidth increases, the size of the divider increases. Because of the increasing size of the divider with increasing bandwidth, Wilkinson type dividers with large bandwidths cannot readily be miniaturized to fit on a single chip. Recent developments in technology have allowed the size of many electronic components to be reduced. The size of products using these components are undesirably increased if large dividers must be included therein.
Hence, broadband Wilkinson dividers have become impractical for miniature applications. Some power dividers have been designed which replace transmission lines with discrete lumped element components. How ever, these have not had the bandwidth associated with cascaded Wilkinson dividers, and in fact, are limited to very narrow bandwidths. The prior art, therefore, has not provided a power divider with a broad bandwidth which can be miniaturized to fit on a single I.C. chip.
SUMMARY OF THE INVENTION
A wide-band microwave power divider/combiner is provided in accordance with this invention which can be miniaturized to fit on a single chip. To increase the bandwidth while maintaining good isolation perfor mance, the invention contemplates coupling low pass filters and high pass filters in series along a plurality of signal paths and connecting the signal paths with isola tion resistors. These filters comprise discrete compo nents. By using discrete components, the entire wide band power divider can be incorporated on a single I.C. chip.
It is, therefore, an object of the present invention to provide a wide-band microwave power divider/com biner.
Another object of the present invention is to minia turize the power divider/combiner.
A further object of the present invention is to allow the power divider/combiner to be constructed in I.C.
form.
Other objects and advantages of the present invention will become apparent from the following detailed de scription, particularly when considered in conjunction with the accompanying drawings. Within the industry, this apparatus is known as a "power divider" because it divides an input signal re ceived at common terminal 12 between signal paths 14 and 16. The divided signals are then fed to outside loads through output terminals 18 and 20. This same type of structure acts to combine signals by feeding the signals through output terminals 18 and 20 and out through common terminal 12. In the industry, this is known as a "power combiner'.
Low pass filter 22, in its preferred embodiment as shown in FIG. 2 , comprises a low pass inductance 30 and low pass capacitance 32 arranged in a "tee' config uration with low pass capacitance 32 connected to ground. In the "tee' configuration, low pass inductance 30 comprises two discrete inductor components and low pass capacitance 32 comprises one discrete capaci tor component. One with ordinary skill in the art will recognize that low pass filter 22 may be constructed in other configurations such as a "pi" configuration com prising one discrete inductor component and two dis crete capacitor components. In one embodiment, low pass capacitance 32 has a value of 0.11 picoFarads (pf)
High pass filter 24, in its preferred embodiment, com prises high pass capacitance 34 and high pass induc tance 36 arranged in a "tee' configuration with high pass inductance 36 connected to ground. High pass capacitance 34 comprises two discrete capacitor com ponents and high pass inductance 36 comprises one discrete inductor component. As with low pass filter 22, high pass filter 24 may be constructed in other configu rations such as a "pi' configuration. In one embodi ment, high pass capacitance 34 has a preferred value of 0.5 pF and high pass inductance 36 has a preferred value of .5 H.
Low pass resistor 26 and high pass resistor 28 operate to isolate signal paths 14 and 16. In one embodiment, low pass resistor 26 is 100 ohms and high pass resistor 28 is 250 ohms.
In operation, assuming a 6 GHz lower cutoff fre quency, high pass filter 24 provides impedance transfor Power divider 10 is constructed entirely on a minia ture chip due to use of discrete components in low pass filter 22 and high pass filter 24. Conversely, a Wilkin son-type transmission line power divider requires sub stantially more area than is available on a miniature chip due to the multi-lengths of transmission line. Although some isolation performance is given up as compared to the large prior art Wilkinson dividers to miniaturize power divider 10, power divider 10 still operates within a good performance range and is adequate for many applications. Although a preferred embodiment of power divider 10 has been shown as having two parallel signal paths 14 and 16, it is contemplated within the scope of the pres ent invention that power divider 10 may be used as an N-way power divider with N being a whole number greater than one. The difference between a two-way divider and an N-way divider with 3 or more signal paths is the design of the discrete components to obtain a consistent impedance transformation. In order for 50 ohms to be present at all ports (common terminal 12 and output terminals 18 and 20) of a two-way power di vider, an impedance transformation from 100 ohms to 50 ohms is needed in each signal path. For 50 ohms to be present at all ports of an N-way power divider, the impedance transformation would be from (NX50) ohms to 50 ohms and the discrete components of low pass filter 22 and high pass filter 24 would be designed accordingly.
Thus, a miniature, wide-band microwave power di vider with low pass filters and high pass filters incorpo rating discrete components has been described herein. While the invention has been described in conjunction with specific embodiments thereof, it is evident that many alternatives, modifications, and variations will be apparent to those skilled in the art in light of the forego ing description. Accordingly, the invention is intended to embrace all such alternatives, modifications and vari ations as fall within the spirit and broad scope of the appended claims.
I claim:
1. A miniature wide-band microwave hybrid con prising:
a plurality of signal path means for dividing a power signal each of said signal path means comprising at least one low pass means and at least one high pass means; said low pass means and said high pass means in each of said signal path means coupled in series with an output means; said low pass means for passing signals below a prede termined maximum frequency; said high pass means for passing signals above a pre determined minimum frequency; and each of said signal path means allowing transmission of the same frequencies. 2. A miniature wide-band microwave hybrid accord ing to claim 1 wherein said low pass means and said high pass means each include discrete components.
3. A miniature wide-band microwave hybrid accord ing to claim 1 wherein said low pass means supplies a 90 degree phase shift at said predetermined maximum fre quency, and said high pass means supplies a 90 degree phase shift at said predetermined minimum frequency. 4 . A miniature wide-band microwave hybrid accord ing to claim 1 wherein said low pass means comprises: inductance means; capacitance means; said inductance means coupled in series along said signal path means; and said capacitance means coupled between said signal path means and an electric ground. 5. A miniature wide-band microwave hybrid accord ing to claim 1 wherein said high pass means comprises:
inductance means for supplying an inductance; capacitance means for supplying a capacitance; said capacitance means coupled in series along said signal path means; and said inductance means coupled between said signal path means and an electric ground. 6. A miniature wide-band microwave hybrid accord ing to claim 1 wherein said high pass means and said low pass means provide impedance transformation.
7. A miniature wide-band microwave hybrid accord ing to claim 1 wherein said hybrid further includes a plurality of isolation means for electronically isolating one of said signal path means from another of said signal path means.
8. A miniature wide-band microwave hybrid accord ing to claim 4 wherein said plurality of isolation means comprises a resistor.
9. A miniature wide-band microwave hybrid accord ing to claim 7 wherein each of said plurality of isolation means couples one of said plurality of parallel signal 4,851,795 5 path means to another of said plurality of parallel signal path means.
10. A miniature wide-band microwave hybrid ac cording to claim 9 wherein one of said plurality of isola tion means couples one of said plurality of parallel sig nal path means to another of said plurality of parallel signal path means after said low pass means, and an other of said plurality of isolation means couples said 5 6 each of said signal path means allowing transmission of the same frequenciesl; a plurality of isolation means for electronically isolat ing one of said signal path means from another of said signal path means; and each of said isolation means coupling one of said plurality of parallel signal path means to another of said plurality of parallel signal path means.
12. A miniature wide-band microwave power divider plurality of signal path means after said high pass means. 10 according to claim 11 wherein said high pass means 11. A miniature wide-band microwave power divider comprising: a plurality of signal path means for dividing a power signal; each of said signal path means comprising at least one low pass means and at least one high pass means; said low pass means and said high pass means in each of said signal path means coupled in series with an output means; said low pass means for passing signals below a prede termined maximum frequency; said high pass means for passing signals above a pre determined minimum frequency; supplies a 90 degree phase shift at said predetermined minimum frequency. 13. A miniature wide-band microwave power divider according to claim 11 wherein said low pass means supplies a 90 degree phase shift at said predetermined maximum frequency.
14. A miniature wide-band microwave power divider according to claim 11 wherein said high pass means and said low pass means provide an impedance transforma tion.
15. A miniature wide-band microwave power divider according to claim 11 wherein said isolation means comprises a resistor.
